PROJIECT OBJECTIVES: |) To collect sanples of gas hydrate for (a) geochem cal anal yses, (b) phase
equi libriumexperinments, and (c) for solid-state NVR analysis. 2) To neasure the thermal profile
of the sedi nent

col unm around gas vents where hydrate is fornming and around brine vents where there is gas venting
(but no evident

hydrate formation). 3) To neasure the flux of gas from gas vents where hydrate is form ng and
around brine vents

where there is gas venting (but no evident hydrate formation). 4) To collect sanples of the source
gas fromgas vents

where hydrate is forming and around brine vents where there is gas venting (but no evident hydrate
formation). 5) To

docunent the physical size and disposition of outcropping hydrates for conparison with future
observati ons.

RESEARCH SUMVARY: Subnersi bl e tasks that address the mmjor objectives include: 1) hydrate

coll ections -

standard push cores and a specially designed hydrate corer that can be returned to the surface
under anbi ent

pressure; 2) thermal profiles - eight therm stor recording probes built with previous NURP support
and depl oyed

fromNR I in 1994; 3) gas flux - gas flux neasurenent/collection device (bubbl eoneter) built with
previ ous NURP

support and depl oyed using NR-1 and JSL; 4) gas sanples - bubbl eoneters; 5) mapping - video and
still photos, and

permanent nmarkers to pernmit future revisits.

RESEARCH RATI ONALE: Gas hydrate is an ice |ike substance that forns, under pressure, at

t enper at ures

above the freezing point of water by inclusion of nmethane (and other gases) into a lattice of

wat er nol ecul es. Mst

often detected by seisnic neans as deeply buried layers in marine sedinment, gas hydrate has al so
been coll ected from

<5 mbelow the floor of the continental slope in the Gulf of Mexico. The stability of gas hydrate
within predictable

ranges of tenperature, pressure, and chemical conposition is critical for several reasons

d obal Iy, subaquatic gas

hydrate conprises a 1016 kg reservoir of organic carbon that may interact with the atnosphere to
i nfluence climate

cycles. Regionally, they are potential energy resources as well as potential hazards to sea-fl oor
structures. Laboratory

observations and thernodynam ¢ theory can be used to predict equilibriumconditions for gas
hydrate stability, but

corroborative field data are rare because few sanpl es have been recovered and because coll ection
renmoves gas

hydrate fromthe conditions under which it forms. The discovery of gas hydrate that breaches the
sea floor makes in

situ observations possible. A npbst nothing is known about the occurrence of natural hydrates that
cont ai n hi gher

hydrocarbons. This work will follow our initial discovery of hydrate that breaches the sea fl oor
with a detail ed,

scientific sanple collection that includes recovery of hydrates at in-situ pressures. The data
from neasurenents made

on these hydrates has the potential to change our understanding of the role that hydrates play in
t he geochemi ca

cycling of carbon. Very little is known about naturally forned gas hydrates, especially about
those that contain

significant anmounts of C2+ hydrocarbons (Sassen et al., in press; Sassen and MacDonald, in
review). Qur

observations of hydrates outcropping at the sea floor and the results inferred from nmeasurenents
of gases |iberated

by gas hydrates have already significantly altered the ways chenists think about hydrates (Sl oan,



1994, Persona
conmmuni cation). Natural hydrates are potentially unstable reservoirs of nethane and ot her
hydr ocar bon gases that
are inportant in the context of climatic change (Sassen and MacDonal d, in preparation). Results
from our previous
NURP- sponsor ed research have denbnstrated that shallow hydrate interacts dynamically with the
wat er columm, in
the sites we propose to study and by inference el sewhere in the Gulf of Mexico, by dissociating in
response to
tenmporary increases in bottomwater tenperature and by episodically breaking free fromthe
seafl oor and floating
upward t hrough the water columm (MacDonald et al. in press). Measurenments on sanpl es brought back
in situ
tenmperatures and pressures have the potential to stinulate basic research in the fields of
physi cal chem stry,
oceanogr aphy, and geochemi stry. Additional neasurenent of gas flux rates, thermal profiles of the
sedi nent col um
around hydrate features, and of the growmh or retreat of hydrate | obes that breach the seafl oor
will constrain the
conditions necessary for formati on of gas hydrate.
ACCOMPLI SHVENTS: Together with nmy co-project investigator, Dr. Roger Sassen, | planned this dive
series
to maximze sanpling and instrunental data collection to determ ne the chem cal conposition gas
hydrate and t he
conditions that influence its formati on and di sassoci ation on the continental slope of the Gulf of
Mexi co. Bl essed by

' excell ent weat her and aided by the al ways conscientious efforts of the Harbor Branch personne
and M. David
Di nsmore from UNCW NURC, all mssion objectives were nmet or exceeded
We designed and successfully depl oyed a pressure vessel in which |arge amobunts of hydrate can be
returned to the
.surface. This unique device requires sone additional refnenent to optimze its effectiveness; it
needs a better system
of thermal insulation to protect the sanpled hydrate fromdissociation in the warm surface waters.
Al so, physically
cutting the hydrate | oose fromthe bottom proved nuch nore difficult than anticipated. Experience
gai ned during this

crui se suggests a nunber of design nodifications that we will inplenent during next year's dive
series. Despite these
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difficulties, several large pieces of hydrate and four discrete sanples of hydrate residue-gas
were collected. W also

col | ected supporting sanples of source gas, sedinents wth higher hydrocarbons, and carbonates
associated with the

hydrate formati ons.

The second thrust area for this cruise was data collection through use of in-situ instrunmentation
depl oyed or extended

time courses. Here again, we enjoyed very substantial success during this dive series. Two

i nstrunments package-a -,

bottomtherm stor and a current neter--were recovered early in the cruise. These provided,
respectively, a l-year

record of the tenperature in vicinity of a hydrate nound at the GC234 site, and a 34 day current
record for the near- |,

bottom water colum at the sane |location. The records fromthe thernm stor, which was depl oyed
during my 1994 J

NURC program denonstrate significant episodes of warmng in the bottomwaters over a tine scale



of weeks--as

~well as diel oscillation in tenperature. Happily, the current nmeter depl oynment bracketed one such
epi sode and will be

i nvaluabl e in determning the causes of this tenperature variation. Bottomtenperatures have the
potential to ,

i nfluence hydrate formation; therefore, we designed a tinme-lapse canera and a gas flow neter
(bubbl oneter), both ~

equi pped with recording therm stors, to nonitor conditions of hydrates and gas seeps in the coming
year. Both these

| devi ces were successfully deployed at the Bush Hill site. They will be retrieved in the 1996
program

BENEFI TS: The data sets we collected during this cruise will formthe basis of a series of papers
on gas hydrate

| geochemi stry, geol ogy, and ecol ogy, as well as on other topics. The topics of these papers and
the journals to which

we will subnit themare as follows: 1

Cl athrate geochenistry in marine hydrocarbon seeps: @ulf of Mexico continental slope. AAPG Bull. |
Hydrocarbon fractionati on caused by hydrate fornation at depth in the ocean. argo Geochem

Epi sodicity in hydrate formati on and di ssoci ation determ ned by sea-floor instrunentation. J.
Geophys. Res. Cceans ~

Large-scal e spatial pattern in chenpbsynthetic comunities. Mrine Ecol. Prog. Ser

Isotropic orientation of Gorgonacea in a deep marine canyon: Biological current neters. Deep Sea
Res. ,

In addition to peer-reviewed journals, information and photographs collected during this dive
series have been

laccepted for publication in National Geographic and Scientific Anerican

NEW TOPI CS: During this cruise we discovered that we could observe the actual course of hydrate
formation in

our gas collection vessels. This conpletely unexpected result suggests a nunber of highly nove
and significant

| experinments. We perforned the prelimnary experinent by allow ng hydrate to formin our

coll ection tubes and then

enptied out the remai ning gas. We theorize that gas formed by the deconposition of the hydrate
residue will differ in'

conposition fromthe source gas (which we collected earlier) due to preferential incorporation of
hi gher

hydrocarbons. Qur anal yses of the gas sanples will test this theory. Fromthis sinple experinent,
it is a short step to

bul I dnmg nore el aborate devices to cascade gas from one chanber to another, retammy the hydrate in
each for

anal ysis. Such experinments potentially have great significance for understandi ng how hydrates form
under real world ;

conditions. ,
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